
“The First Essential of Air Power
is Pre-eminence in Research”

— General H.H. Arnold, 1944

KOSOVO
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AFRL LOGCAT Program Supports Kosovo

All-Purpose Remote Transport System

Joint Targeting Workstation Increases Warfighter’s Effectiveness

As demonstrated during Operation Allied Force, the Air Force Research Laboratory is there when the
warfighters need us. AFRL answered a wide range of requests, including multiple requests for support
in several areas of human effectiveness, such as high altitude protection and sustained operations.  At
the time research began in those areas, the laboratory was anticipating future warfighter needs, rather
than waiting for user needs to be identified. AFRL must constantly identify, assess and reassess
required and ongoing research, particularly when faced with budget cuts and restrictions, to ensure
that steady investments continue in critical warfighting technologies.

AFRL Human Effectiveness Directorate (AFRL/HESR) personnel were part of a team
dispatched to Ramstein AB to set up an initial stand-alone capability to support the
Kosovo bed-down operations.  AFRL/HESR originally developed the three tools
(STEP, EKB, and BCAT) used to support bed-down operations under the Logistician's
Contingency Assessment Tools (LOGCAT) program.  The Survey Tool for
Employment Planning (STEP) automates the Base Support Planning (BSP) Part 1 and
2 processes.  It provides users with an automated multimedia tool for the collection of
site survey and BSP data, as well as the Employment Knowledge Base (EKB) for data
storage.  The Bed-down Capability Assessment Tool (BCAT) was built in tandem with
STEP to provide users the ability to compare bed-down location capabilities against
deploying forces to produce a list of resource capabilities, shortfalls, and limiting
factors.  It generates assessments for petroleum, oil, and lubricants (POL), parking,
munitions, billeting, and messing capabilities.

AFRL's Robotic Research Group of the Materials & Manufacturing Directorate
responded to an urgent requirement from Headquarters Air Combat Command
(ACC) to provide six All-purpose Remote Transport Systems (ARTS) in support
of Operation Allied Force.  The AFRL-developed ARTS units are low cost (under
$200K per copy), survivable robotic platforms capable of a variety of remote
operations in different mission profiles.  ARTS can remotely employ an array of
tools and attachments to detect, analyze, and render safe large explosive devices
and can clear unexploded ordinance.

CRITICAL SUPPORT FOR THE WARFIGHTER

Researchers at the Sensors Directorate, in cooperation with the Naval Air Warfare Center,
China Lake California and the National Reconnaissance Office, developed a Joint Targeting
Workstation (JTW) for processing off-board targeting information in near real-time that
increases pilot and weapon system officer's effectiveness in finding ground targets. This
ground station component was successfully deployed during Operation Decisive Endeavor as
a part of Aeronautical Systems Center's Rapid Targeting System, known as Gold Strike.  The
JTW is capable of receiving off-board information including multiple-source synthetic-aper-
ture radar imagery.  The JTW uses software to compress the imagery size and then transmits
the completed information package to aircraft in seconds once prepared. The complete infor-
mation package may contain imagery, target location annotation on the imagery, precise geo-
location information derived from matching real-time reconnaissance imagery with a national
archived database, a line drawing representation of the target area for situation awareness and
templates for weapons with seekers to track targets.
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The Role of Propulsion in the Air Campaign Over Kosovo

Secondary Power System Technologies Support Kosovo Air Campaign

Night Vision Imaging System (NVIS) Compatible Cockpit Lighting

STRATEGIES FOR LONG-TERM INVESTMENT

The U.S. Air Force used every imaginable aerospace asset in their inventory from 
40-year-old B-52's to the newest fighters and bombers during the air campaign over
Kosovo.  Many of these fighters and bombers were powered by turbine engines that
incorporated technologies developed under the DoD/NASA/Industry Integrated High
Performance Turbine Engine Technology (IHPTET) Program.

Since 1987, IHPTET has led the development of propulsion technologies that improved
existing F100 and F110 engines through the Component Improvement Program (CIP)
leading to much improved warfighter readiness for F-15 and F-16 aircraft.  Additionally,
the F-15E has benefited from the thrust improvements in the F100-229 and the F100-129
engines.

There are areas where we need to continue investment at or above our current levels, both in technologies
that are nearly ready for transition and in technologies that still need several years of development.  Our
expertise in battle damage repair, eye protection from lasers, and night vision human factors were critical
to satisfying requests from the European Theater of Operations.  These technologies were ready for the
warfighter because we had anticipated a future need and invested in the long-term without waiting for a
formal user need statement.  Operation Allied Force also pointed to the need for technologies that are now
under development but were not yet ready for transition.  Technologies such as ones necessary for finding
targets that were concealed in foliage or were camouflaged need to have continued investment emphasis.
Similarly, we saw a continuing need to develop the technologies to enhance capability for target
identification from high altitudes.

For 40 years, the Propulsion Directorate's Power Division has been developing secondary power
system technologies in cooperation with numerous industrial partners who have incorporated
these technologies into new weapons systems.  Specific examples of aircraft power components
developed by Power Division technology programs include:

- B-52 and E-8 Advanced Maintenance-Free Ni-Cad Battery Systems (AMFABS) 
- F-14 High Pressure Titanium Hydraulic Lines
- F-15 Hydraulic Circuit Breakers
- KC-135 Metal Bellows Hydraulic Accumulators
- F-15 Auxiliary Power Unit
- B-1 Torque Converters
- F/A-18, F-117, &TR-1Variable Speed Constant Frequency Generators 
- C-130J Electric Load Management Centers
- F-16 Fault Tolerant Electrical Power System Technologies

By taking advantage of an on-going Night Vision Goggle (NVG) training research effort,
AFRL Human Effectiveness Directorate (AFRL/HEA) personnel provided a timely and cost
effective solution to an urgent need to provide NVIS compatible cockpit lighting for a
number of unmodified aircraft.  AFRL/HEA had previously designed and evaluated a light
emitting diode-based lighting kit and associated filters for the F-16 aircraft.  AFRL/HEA
accelerated on-going designs for additional aircraft including consideration of external
aircraft lighting requirements and setting up a production facility.  All requirements were
met within a month of final configuration determination.

PANEL2.QXD  1/7/00 9:40 AM  Page 1



Munitions Directorate-Developed IMU Guides JDAMS Over Kosovo

Advanced Unitary Penetrator and Hard Target Smart Fuze Used in Kosovo

Improved Tire Life Program

FUTUREDECISIVEWARFIGHTINGCAPABILITIES
AFRL saw the need to provide technologies having the potential for a decisive warfighting capability for
future conflicts.  We saw a need for a quick reaction, high-speed weapon to attack time critical, mobile
targets and small, smart bombs to simultaneously reduce the logistics footprint of the expeditionary
forces while increasing the individual aircraft payload and lethality. AFRL recognizes the need to continue
balancing our investment in technologies between known and anticipated warfighter problems (i.e., solve
the problems we know and prevent technological surprise).

B-2 aircraft crews from Whiteman Air Force Base in Missouri flew
30-hour missions to deliver the Air Force's newest precision guided
bomb, JDAM (Joint Direct Attack Munition, GBU-31/3) during
Operation Allied Force.  An integral part of each JDAM's guidance,
navigation, and control (GNC) subsystem is an Inertial Measurement
Unit (IMU) developed by AFRL's Munitions Directorate. The IMU is
compact in size (25-27 cubic inches) and costs less than $10,000 per
unit to produce.  The JDAM is actually a tail kit attached to 1,000-
pound and 2,000-pound warheads, changing those "dumb" bombs
into extremely accurate "smart" bombs.  JDAM's Inertial Navigation
System/Global Positioning System (INS/GPS) guidance system is
what gives JDAM its all-weather capability and an accuracy rate of
better than 13.0 meters.

One of the newest weapons in the Air Force's arsenal of hard target
penetrating bombs is the AFRL Munitions Directorate-developed Advanced
Unitary Penetrator (AUP), equipped with the Hard Target Smart Fuze (HTSF).
The bomb and its smart fuze were a big hit during Operation Allied Force.
The AUP mimics, in appearance and dimensions, the already combat-proven 
BLU-109 (Bomb Live Unit) warhead, a 2,000-pound hard target penetrating
warhead used by the Air Force and Navy.  The AUP is designated the BLU-116
and boasts twice the penetration capability of the BLU-109.  The HTSF, 
designated the FMU-157/B, is an active decision-making accelerometer-based
fuzing system capable of counting layers and voids (floors), as well as 
calculating distance traveled.  When the weapon reaches the pre-determined
floor it tells the bomb to explode.  The HTSF is compatible with a variety of
penetrating warheads.

The Mechanical Systems Branch, Air Vehicles Directorate, has been
working since Desert Storm ended on technologies to improve tire life in
fighter aircraft.  These technologies led to significant improvements in 
F-16 block 30 and 40 tire life. The Improved Tire Life Program resulted
in a 106 percent improvement in block 30 tire wear for the F-16 in 
peacetime operations.  The Extended Life Tire Program (EXLITE) has
contributed to a 41 percent increase in the F-16 block 40 tire life. Air
National Guard field data shows a 400 percent increase in tire life for
EXLITE generation 3 tires soon to be transitioned to the F-16 fleet. 
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